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Research Proposal 
 
Thesis:  The world is embarking on an era of water crisis and the time for corrective action to 
ensure an adequate supply of fresh water for all global citizens is now. 
 I propose to describe the nature of water as an element and as a need for human survival, 
describing water availability, its value to humans, and how we use water.  I intend to explain 
how water scarcity and how increasing the cost to access potable water and sanitation can incite 
political instability.  I will provide and explain solutions to water scarcity.  For this project I shall 
use library resources such as scholarly and government sponsored websites.  
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Annotated Bibliography 
 
 Condominial Systems - Brazilian Panorama and Conceptual Elements explains the   
condominial system and how implementation of a condominial system can provide a workable 
economic solution for sewerage in impoverished areas that are not otherwise able to implement a 
more traditional sewerage system. Condominial Systems provides an example of an innovation 
which requires minimal financial input yet can have great advantage for a population that is 
willing to use sweat equity to afford a healthier local environment. 
Condominial Systems - Brazilian Panorama and Conceptual Elements. Report. University of 
 Leeds, UK. Web. 30 June 2011. 
 <http://www.efm.leeds.ac.uk/CIVE/Sewerage/articles/condominial2.pdf.> 
  In Water Follies:  Groundwater Pumping and the Fate of America’s Fresh Waters 
(2002), Richard Glennon describes how our increasing dependence on groundwater is causing 
enormous environmental problems.  By using illustrations from across the United States, Water 
Follies shows how conflicts over rights have been draining our aquifers, rivers, wetlands, and 
springs.  Glennon's Water Follies is useful in explaining how and why we use water.  His 
extensive bibliography is a rich resource for additional supporting material. 
 Glennon, Richard. Water Follies:  Groundwater Pumping and the Fate of America’s Fresh 
 Waters.  Washington, DC: Island Press, 2002. Print. 
  Freshwater Resources and Interstate Cooperation: Strategies to Mitigate an 
Environmental Risk by Frederick D. Gordon presents case studies of three areas, Europe, South 
Africa, and the Middle East.  States within these regions have negotiated water treaties with 
varying levels of cooperation, giving insight into factors leading to failure or success of 
international water treaty covenants. Water treaties must include how water rights are 
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apportioned, water quality, as well as Integrated Water Management Systems.  Gordon suggests 
that the biggest threat for water sources may be increased in industrialization.  He looks at 
privatization and salinization as two possible solutions to water scarcity.  Freshwater Resources 
is helpful when looking for water scarcity solutions and why some countries are able to reach 
water accord while others are not.     
Gordon, Frederick D.  Freshwater Resources and Interstate Cooperation: Strategies to Mitigate 
 an Environmental Risk.  Albany, NY: State University of New York Press, 2008.  Print. 
 Yap Kheng Guan’s "Sustainable Water Management:  The Singapore Water Story” 
explains how Singapore's reclaimed sanitation wastewater is purified to become NEWater, 
(Singapore’s term for the sanitized product of their reclaimed wastewater using this process) 
which Singapore claims is a high grade potable water, surpassing World Health Organization 
requirements.  This purification process enables Singapore to lessen its dependence on raw water 
imported from Malaysia and other areas.  "Sustainable Water Management” is helpful in 
explaining methods of water reclamation and how the need for clean drinkable water can affect 
political alliances. 
Guan, Yap Kheng. "Sustainable Water Management: The Singapore Water Story." PUB, 
 Singapore's National Water Agency.  Singapore Ministry of the Environment and Water 
 Resources. Sept. 2007. Web. 8 Oct. 2011. 
 <http://www.wcponline.com/pdf/0709Guan.pdf.> 
 THE VALUE OF WATER by Michael Hanemann explains how we measure the value of 
market and non-market goods.  Hanemann emphasizes the mobility of water, its heterogeneous 
quality, why water is essential to life and as well as comparing water as a private or public good.   
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Hanemann distinguishes between the cost of water and the price of water.  This source will be 
helpful throughout my project in all of the areas addressed in my paper. 
Hanemann, Michael. THE VALUE OF WATER. Report. University of California, Berkeley. 15 
Feb. 2005.  Web. 29 June 2011. 
<http://www.ctec.ufal.br/professor/vap/Valueofwater.pdf> 
 Cadillac Desert: the American West and Its Disappearing Water by Marc Reisner (1993) 
chronicles the settlement of the American West.  Reisner examines how the need for water 
intertwined with greed have been driving forces behind the building of dams and irrigation 
systems that have provided short-term solutions resulting in long-term unsustainable 
environmental degradation.  Reisner explores how the rivalry between the U.S. Army Corps of 
Engineers and Bureau of Reclamation has led to decision-making processes that line pockets of 
corrupt bureaucrats and elected officials while contributing to catastrophic flooding and erosion 
of America’s farmlands.  
 Reisner, Marc. Cadillac Desert: the American West and Its Disappearing Water. New York, 
 NY: Penguin, 1993. Print. 
  Peter Rogers, America's Water: Federal Roles and Responsibilities (1993), provides 
context for US water policy and management options.  Rogers advocates reformation of state and 
federal agreements to allow government agencies to work together with less bureaucratic red 
tape. Though water technology has been much improved since 1993, I believe Rogers’ approach 
to water management is still valid and his insight into government bureaucratic snafus 
invaluable.  Rogers updates and elaborates on his solutions in Running out of Water: the 
Looming Crisis and Solutions to Conserve Our Most Precious Resource with Susan Leal (2010). 
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 Rogers, Peter P. America's Water: Federal Roles and Responsibilities. Cambridge, MA: MIT, 
 1993. Print. 
 Running out of Water: the Looming Crisis and Solutions to Conserve Our Most Precious
 Resource by Peter Rogers and Susan Leal (2010) describes water as a complicated finite 
resource that is stressed due to our expanding population which uses increasing amounts of water 
to produce goods and services for a more affluent population in developed countries.  Rogers and 
Leal describe how innovations in water recycling technologies can expand the useful life of 
drinkable water.  Rogers and Leal are uniquely suited to co-author a book on this subject. Peter 
Rogers is a Professor of Environmental Engineering and City Planning at Harvard University.  
Susan Leal is an environmental consultant and former general manager of the San Francisco 
Public Utilities Commission.  As such, these authors provide an over-all perspective on how 
water as a limited resource actually works in California and in the world. 
Rogers, Peter P., and Susan Leal. Running out of Water: the Looming Crisis and  
 Solutions to Conserve Our Most Precious Resource. New York: Palgrave Macmillan, 
 2010. Print. 
 In Every Drop for Sale: Our Desperate Battle Over Water in a World About to Run Out, 
Jeffrey Rothfeder (2001) explains how access to healthy water is a universal right rather than a 
need and should not/cannot be negotiated as a commodity.  Rothfeder uses examples such as 
California, Africa, and China to show the desperate need for water and to what lengths people 
will go to obtain water.  He chronicles how water is bought, sold, and shipped around the world 
as a commodity for profit with little regard for human suffering due to lack of safe water access.  
Every Drop for Sale is helpful in understanding how water has become a privatized commodity 
rather than a public resource. 
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 Rothfeder, Jeffrey. Every Drop for Sale: Our Desperate Battle Over Water in a World About to 
 Run Out. New York: Penguin Putnam, Inc., 2001. Print. 
  Water Wars: Privatization, Pollution and Profit by Vandana Shiva (2002) investigates 
the base of past and contemporary regional conflicts, often disguised as religious or ethnic wars 
rather than the struggle to control and access natural resources, including water. She examines 
how water is not only a source of life but a source of community socialization.  Shiva describes 
how privatization of water threatens the lives of individuals as well as cultures.  Water Wars will 
help exploring how the privatization of water is depleting the underpinnings of civilization and ol 
life.  
 Shiva, Vandana. Water Wars: Privatization, Pollution and Profit. Cambridge, MA: South End, 
 2002. Print. 
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Introduction: Global Freshwater Crisis 
 Aquifers in Africa are being depleted by 10,000,000,000 m³ (cubic meters) a year.  
Mexico City is pumping 20 to 50% more of its groundwater then can be recharged in a year of 
normal amounts of precipitation.  The water table under Beijing dropped 37 meters from 1960 to 
2000.  The High Plains Ogallala Aquifer is being deplenished eight times faster than it can be 
replenished.  Little of the waters of Colorado and Rio Grande Rivers actually reach the ocean.  
Only 2% of US rivers are not damned.  In England, 30% of rivers are now running at one third 
previous volume.  Lake Chad, in north-central Africa, at one time covered approximately 10,000 
square miles but is now dry from excessive irrigation and climate change (Rothfeder 8-10). The 
world is embarking on an era of water crisis and the time for corrective action to ensure adequate 
supplies of fresh water for all global citizens is now.  
 A Life of Water will explore the nature of water, its availability and how we value water 
as a life source. In addition it will explore how we use water in our personal lives and 
communities as well as how securing freshwater can lead to political instability owing to water 
security. The final chapter is a survey of water scarcity solutions being explored by governments, 
NGO’s, private industry, and individuals. 
The Nature of Water 
Human Need for Water 
 Water, H20, consists of one molecule of hydrogen and two of oxygen.  Water is a 
seemingly simple substance, yet fresh potable water is vital to human survival.  Hunger strikers 
have been documented to survive as many as 40 days without food. Reports indicate some 
political prisoners on a hunger strike in Northeast Ireland in 1981 had survived as many as 73 
days of food starvation before dying. There are several factors that account for how long a 
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person can survive without nourishment including genetic variation and body weight at the 
initiation of food deficit.  However, the most important of these factors is how well or how 
poorly a person is hydrated just before and during starvation stress (How Long/Food 1).  
According to Randall K. Packer, Professor of Biology at George Washington University, a 
healthy adult in a comfortable environment can live with no water or very limited water for as 
much as a week, whereas someone exercising in hot weather or child left in a closed car in the 
sun on a hot day can overheat and die due to dehydration within a few hours (How Long/Water).  
The human body can alter its metabolism to conserve energy, thus requiring less nutrient input.  
Water deprivation is much more critical.  The need for water is much less malleable.  
 
Salt Water and Fresh Water 
 Earth is called the water planet because 78% of the planet's surface is covered by ocean 
and sea water.  The total water on Earth is about 333 million cubic miles.  While that may seem 
like a lot of water, if you were to strip the Earth's exterior of all surface water and put it in a 
single spheroid reservoir, the reservoir diameter would be approximately 860 miles, roughly the 
distance between Topeka, Kansas, and Salt Lake City, Utah, as 
illustrated left (see figure1).  Water is saline, or saltwater, if it 
contains more than 1,000 parts per million (ppm) of dissolved 
salts by weight.  Ocean water is about 35,000 ppm of salt (Water 
Cycle: Water Storage in Oceans).  The proportion of saltwater to 
freshwater is approximately 97:3 as shown in Figure 2.  Approximately 69 % of the remaining 
3% of global water is bound up in glaciers and sea ice which do not crystallize salt, keeping the 
ice salt-free while increasing ocean salinity.   
Figure 1 Illustration of the total 
water volume on earth compared 
to the size of earth (Where).  
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One estimate of global water distribution: 
Water 
source 
Water volume, in cubic 
miles 
Water 
volume, in 
cubic 
kilometers 
Percent 
of 
fresh 
water 
Percent 
of total 
water 
Oceans, 
Seas, & 
Bays 
321,000,000 1,338,000,000 -- 96.5 
Ice caps, 
Glaciers, & 
Permanent 
Snow 
5,773,000 24,064,000 68.7 1.74 
Groundwater 5,614,000 23,400,000 -- 1.7 
Fresh 2,526,000 10,530,000 30.1 0.76 
Saline 3,088,000 12,870,000 -- 0.94 
Soil Moisture 3,959 16,500 0.05 0.001 
Ground Ice 
& 
Permafrost 
71,970 300,000 0.86 0.022 
Lakes 42,320 176,400 -- 0.013 
Fresh 21,830 91,000 0.26 0.007 
Saline 20,490 85,400 -- 0.006 
Atmosphere 3,095 12,900 0.04 0.001 
Swamp 
Water 
2,752 11,470 0.03 0.0008 
Rivers 509 2,120 0.006 0.0002 
Biological 
Water 
269 1,120 0.003 0.0001 
Total 332,500,000 1,386,000,000 - 100 
Figure 2 Global Water Distribution (Water Distribution). 
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 Freshwater is defined as having less than 1,000 milligrams per liter of dissolved solids, 
mostly salts.  The second largest portion (approximately 30 %) of fresh water is confined in 
aquifers and soils. Approximately 0.08% 
(200,000 km3) of Earth's total surface readily 
accessible for human use (Water Cycle: 
Freshwater Storage) is located in rivers, lakes, 
streams, and swamps.  Figure 3 illustrates 
how little of the Earth's water is available for 
human use.  
Geography of Water Availability 
 Climate is a main factor determining distribution of Earth’s water. Total global 
freshwater from rainfall provides 40 to 50 km³ per year (Rothfeder 8). The oceans receive 78% 
of global precipitation and contribute 86 % of 
global evaporation.   
 Most of the world’s icecaps and 
glaciers, covering approximately 10% of all 
land surfaces, are located in Antarctica, nearly 
90%, and Greenland,1 most of the other 10%.  
The remaining small fraction, less than 1%, is 
primarily in the European Alps, the western spine of South America, and in North America 
                                                 
1
 The Greenland ice cap has a volume of about 600,000 mi³, with average thickness of 5000 feet, reaching as thick 
as 14,000 feet.  The weight of the ice depresses the land below into a bowl shape.  Many Greenland glaciers extend 
to the sea. Some estimates are that 125 mi.³ of glacial ice calve annually into ocean water contributing to the global 
water cycle.  These icebergs move with the currents and have been seen as far to the south as Bermuda Island.   If all 
the world’s glaciers melted today, the National Snow and Ice Data Center (NSIDC) estimates sea level would rise 
about 230 feet (Glaciers and Icecaps). 
Figure 4 Distribution of global freshwater (Water 
Distribution).  
 
Figure 3 A World of Salt (World of Salt). 
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(Where) with tens of thousands of acres of icecaps and glaciers in Alaska which carries 2/3 of 
the world’s glaciers (Glaciers).   
 These massive amounts of surface ice can affect world weather. Air temperatures as far 
as one-mile above the ice can be higher than at the surface.  The white ice reflects sunlight, 
thereby reflecting heat back into the atmosphere, dramatically affecting global wind patterns, and 
weather systems.  The exchange of heat energy among the poles and the tropics is what drives 
climate and weather, a major factor in where storms and precipitation will occur (Water Cycle: 
Precipitation).   
 The map (figure 5) indicates global precipitation for the world as an annual average in 
millimeters and inches. The light green areas are deserts, ranging from less than 20” annual 
precipitation to none at all within 12 months, covering approximately 1/3 of all land surfaces 
on earth (World Rainfall). 
 The amount of annual 
precipitation worldwide varies greatly.  
Mt. Waialeale, Hawaii, averages about 
450 inches (1,140 cm) per year, almost 
2” daily average.  Bagdad, California, 
had no precipitation for 767 consecutive 
days from October 1912 to November 
1914 2 (Water Cycle: Precipitation).  
                                                 
2
 The Atacama Desert of South America, considered the driest place on earth, may receive 1 millimeter of 
measurable rainfall as infrequently as once every 5-20 years.  The Atacama is primarily located in Chile (Types). 
Figure 5 World Water Map (World Rainfall). 
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Arica, Chile, had a 59-year period that averaged 0.03” inches of rain and had one 14 year 
stretch without any measurable rain.  In Arica, it would take a century of average rainfall to fill 
an average coffee cup (McRoberts).3 
 The depressions of Lake Baikal and the Great Lakes, created during the Ice Ages, now 
collectively hold about 40% of the world’s fresh water, approximately 11,000 cubic miles  (about 
23,000 cubic kilometers), 20% of total contained in each of these two water bodies. The 
remaining freshwater lakes as well as swamps account for about 0.29% of the global freshwater. 
Rivers and streams contain only about 0.006% of the world’s freshwater (Water Cycle: 
Freshwater Storage).   
 
Human Needs Affect Geography of Water Availability 
 Humans inject their own interests into the natural water cycle system.  We have been 
diverting, channeling, and pooling water for our own needs since the time of the agricultural 
revolution, 11,000 years ago.  Centuries before the Aswan Dam was constructed, Egyptian 
agriculturalists, familiar with the annual flood cycle of the Nile, took advantage of that bounty of 
moisture and fertilizers by penning and pooling the precious water for use in their fields before 
the Nile receded and until the next annual swelling.   More than 1000 years ago, farmers relied 
on glacial ice melt to irrigate their fields during dry seasons.  Early on, farmers in the lowlands of 
the Himalayas realized that by covering higher elevation ice sheets and snow fields with dark 
materials such as ash and soil, they could promote faster melt when crops demanded water in 
drier seasons.  More recently Russian and Chinese engineers tried a similar technique, using coal 
dust, in an attempt to bring more liquid water to Afghanistan, Pakistan, and India during severe 
                                                 
3
 Cherrapunji, India:  Rainfall for 1861 was recorded at 905 inches (75.41 feet or 2,300 cm), a world’s record 
(Water Cycle: Precipitation). 
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drought, but the scheme was cast aside as being too costly.  In La Paz, Bolivia, residents depend 
on glacial melt for potable water during extended dry spells (ALL ABOUT GLACIERS).  
 
Water Availability Determined by Political Expediency 
 Political decisions often determine the allocation, distribution, and cost of water.  During 
the Spanish colonial period, when Los Angeles was founded in 1769,4 it a low population pueblo 
community in a drought prone region with little more than stick-etched drainage ditches to divert 
what little water was available from the perennial seasonal flow of the Los Angeles River to 
irrigate meager farm fields.  It was another 150 years before the first Los Angeles Aqueduct5 was 
completed in 1913,6 bringing Northern California waters from Mono Lake and the Owens Valley 
to the LA Basin. The aqueduct was only able to come to fruition after William Mulholland and 
Fred Eaton lobbied congress and President Teddy Roosevelt, persuading them that the 
                                                 
 
4
 In 1781 the Governor of Spanish California named the settlement, populated by 11 families, “El Pueblo Sobre el 
Rio de Nuestra Señora la Reina de Los Angeles del Río de Porciúncula” (Historical).  At the time the name seemed 
longer than the settlement was wide.  It soon became known as Los Angeles. 
5
 The LA aqueduct is seldom called by or even remembered as its original names, Zanja Madre (English: 'Mother 
Ditch')  and/or the Owens Valley Aqueduct , either of which give truer reflection of the nature of the social and 
political nature of the water conveyed by the system.  
6
 The second phase of the La Aqueduct (1915) extended from Owens Valley to Mono Lake, an area with no natural 
external drainage.  Severe draw down of Mono Lake to supply water to Los Angeles began early 1940s.  The 
impacts on Mono’s fragile ecosystem became a hotbed of social and political contention dividing Northern and 
Southern California sensibilities as well as dividing environmentalists and developers in the 1980s. 
Figure 6 Panorama of the Owens River Valley from the Inyo Mountains. The large body of water is Tinemaha 
Reservoir on the Owens River (Thomas). 
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annexation of Owens Valley waters, traditionally accessed by the farmers of the Owens Valley, 
would better serve “the greater good” if those waters were diverted to Los Angeles (Hall).7 
 The blossoming of the Colorado Desert did not occur 
until California politicians and speculators masterminded a 
scheme to divert Colorado River water to the Imperial and 
Coachella Valleys where agricultural development and 
population expansion are direct results of access to Colorado 
River water (Reisner).  The rights to those waters are still being 
debated. Political decisions usually determine the allocation and 
distribution of water.  
 The “water wars” of Cochabamba, Bolivia, in 2000 serve 
as an example of how civil protest against government policy affect water usage within a single 
nation. 
Case Study:  Cochabamba, Bolivia 
 Prompted by the World Bank to satisfy growing 
national debt including a US$138 million loan granted by 
the International Monetary Fund (IMF), in 1998 the 
President of Bolivia made the harsh decision to privatize 
the water system of Bolivia’s third largest city, 
Cochabamba, population 600,000.  By adhering to the 
                                                 
7
 Los Angeles prospered economically and politically while the economic prospects of the Owens Valley diminished 
because Eaton and Mulholland were able to persuade the Federal Bureau of Reclamation to divert Owens Valley 
water to Los Angeles (Reisner).   
Figure 8 Map of Bolivia (Bolivia). 
Figure 7 Location of Colorado 
Desert Region (WAP). 
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guidelines imposed by the World Bank and the IMF, Bolivia became eligible for debt relief by 
2001 under the framework of the Heavily Indebted Poor Countries (HIPC) Initiative (Press 
Release).   
 A lease granting control of the water works was put up in what was supposedly an 
international bidding process behind closed doors.  In reality, there was only one bidder, Aguas 
del Tunari.  Aguas del Tunari represented a multinational consortium of private investors, 
including Abengoa of Spain and Italy’s Edison.  Aguas del Tunari was a subsidiary of Bechtel 
Corporation, headquartered in San Francisco, California (Chávez).  The Bolivian government 
gained US$2.5 billion from the deal (Sadiq).  
October 1999, Aguas del Tunari initiated control of Cochabamba’s municipal water 
system, with full operational control within 4 months. (Water Privatization 3).   
The IMF and the World Bank claim that the guidelines they impose when granting loans 
to national governments are meant to deter foreign investment and to control inflation. 
However, these two aspects of loan policies did not result in the intended consequences:  The 
Cochabamba water supply system was now under control of Bechtel, based in the California and 
partnered with companies in Spain and Italy.  Additionally, soon after Bechtel took over, water 
rates went up 200% and more.  Workers subsisting at minimal wages ($60/month) needed to 
spend 25% of their income to obtain water for their family needs (Shultz 22-26).   
 The people of Cochabamba were desperate to supply family needs in the wake of huge 
water rate hikes.  As the rising costs of obtaining water for all aspects of life struck deeply into 
civilian pocketbooks, it became increasingly more difficult to afford other costs of providing 
family needs.  In attempts to control their own resources, cooperatives and local communities 
used their own initiative and sweat equity to dig their own wells.  In an ironic twist, under terms 
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of the contract with Aguas del Tunari, the Brazilian government had ceded control of these not-
yet-dug community wells to Bechtel, which was then able to charge the people for wells and 
piping which had not been put in by the water company (Chávez).   
 No longer content to settle for government inaction/intervention, during February and 
March, 2000, frustrated, cash-strapped “water warriors (Finnegan)” set up roadblocks, closing 
down Cochabamba (Water Privatization 1).  In early April, Cochabamba dissidents went on 
strike for 4 days against Aguas del Tunari and against privatization of the city’s water works, 
effectively shutting down the city.  The initially-peaceful civil protest, led by Oscar Olivera, 8 
devolved into 2 days of violence after protestors marched to Cochabamba's city plaza and were 
met by riot police with tear gas and live ammunition.  In civil protest, Cochabamba partisans 
were able to force cancellation of the Aguas del Tunari contract, but the price paid included an 
estimated 175 injuries to dissidents, some severe enough to require hospitalization, with 2 
activists blinded , and 6 fatalities9 among the protestors (Sadiq).  
 By April 10, 2001, control of the city’s fresh water and sewerage system was placed 
under control of La Coordinadora.  On August 6, 2001, Bolivian President Hugo Banzer, who 
had orchestrated the Aguas del Tunari/Bechtel deal, resigned, citing serious health concerns, 
including liver cancer and lung cancer.  On November 27, 2001, Bolivian authorities arrested 
Oscar Olivera, charging him with “sedition, conspiracy, instigating public disorder and criminal  
                                                 
8
 Oscar Olivera was a shoe factory worker turned union organizer for La Coordinadora por la Defensa del Agua y de 
la Vida (The Coalition for the Defense of Water and Life, known as La Coordinadora).  He was elected executive 
secretary of the Cochabamba Federation of Factory Workers and continues to head La Coordinadora's efforts to 
develop a viable water and sanitation system for the city (Sadiq). 
9
 The youngest amoung the dead was Victor Hugo Daza, a 17-year-old protestor, shot in the face, killed by plain-
clothes army sharpshooter Robinson Iriarte.   The military tribunal inquiring into the incident acquitted then-Captain 
Iriarte who was later promoted to major (Chávez).  Iriarte was allegedly trained by the School of the Americas, 
acronym: SOA (Sadiq).  SOA is a U.S. military academy has been tasked with training more than 100 000 police 
and military personnel from 150 countries (Training). The actual number of days of protests, riots, and number of 
injured or dead is unclear.  Reporting of these details vary. 
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association.” Similar charges were levied against two other La Coordinadora members.  A letter 
writing campaign resulted in all charges being dropped against the three alleged conspirators 
(Sadiq).  Information Minister Ronald MacLean and Government Minister Walter Guiteras 
confirmed that at least twelve other protestors were arrested and held in remote jungle locations 
(Water Privatization 3).   
 On February 25, 2002, Aguas del Tunari and Bechtel, not content with losing their 
multimillion dollar, exclusive 40-year water services contract, sought restitution from the 
government of Bolivia in a petition to the World Bank's International Centre for the Settlement 
of Investment Disputes (ICSID), claiming US$25 million in damages for breach of contract.  In 
April that year, Olivera with 125 supporters staged a protest at Bechtel’s San Francisco 
headquarters, imploring that Bechtel drop compensation demands. Olivera proclaimed that “with 
the $25 million they are seeking, 125,000 people could have access to water.” The next day, for 
his efforts, Olivera was awarded the Goldman Environmental Prize Award, 10 (Sadiq) which 
“recognizes individuals for sustained and significant efforts to protect and enhance the natural 
environment11 (About).” 
 The settlement reached through ICSID-mediated arbitration resulted with no 
compensation granted to Aguas del Tunari, Bechtel, and its subsidiaries (Chávez).  According to 
Franz Chavez of the International Press Service (IPS), Bolivia, La Coordinadora had “become a 
worldwide symbol of the struggle against free-market reforms and structural adjustment policies, 
and its techniques began to be emulated in other cities in the region, such as the sprawling 
working-class city of El Alto, next to La Paz, and Buenos Aires, the capital of Argentina.” 
                                                 
10
 Olivera was initially awarded the Prize in 2001 but was unable to accept because he was in hiding from Bolivian 
government authorities (Sadiq).     
11
 Each winner receives an award of $150,000, the largest award in the world for grassroots environmentalists 
(About).” 
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 Control of Cochabamba’s water works was reinstated to SEMAPA,12 whose initial 
charter from the city had, in 1896, ceded to the organization operation and control of the 
Cochabamba city water system, more than a century before the Bechtel contract.  SEMAPA 
currently states its mission is to “satisface las necesidades de Servicio de agua Potable, 
Recolección y Tratamiento de Aguas Residuales de los clientes de Cochabamba, mejorando sus 
condiciones de vida y preservando el medio ambiente mediante una gestión de calidad, con 
participación y representación de comunidad ,” in English, to :  satisfy the potable, reclamation 
and treatment of necessary water services of the residents and clients of Cochabamba, repairing 
and preserving the existing resources as negotiated with the city with the participation and 
representation of the community (my translation). 
 When Franz Chávez examined “Cochabamba’s ‘Water War', Six Years On,” in 2006, he 
found that SEMAPA was still inadequate to the task of consistently and efficiently supplying the 
potable water and sewerage needs of Cochabamba residents.  The city population had grown 
from 600 000 (1998) to 900 000 (2006), a 50% increase in just the 8 years since 1998 when the 
Aguas del Tunari/Bechtel contract had been brokered.   
 Political in-fighting among the various groups that had rebelled against draconian water 
rates and policies was now undermining SEMAPA’s effectiveness.  While it was determined 270 
employees could adequately staff the working needs of the water utility, the “citizen directors” of 
the utility hired 700, ensuring that as many of their compatriots as possible had access to the 
lucrative jobs (Chávez).   
                                                 
12
 “Servicio Municipal De Agua Potable y Alcantarillado (SEMAPA)."  SEMAPA in the Spanish acronym for the 
translated:  Municipal Potable Water and Sewerage Service. 
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 Meanwhile, as a water rationing strategy to stretch out available water supply in 
Cochabamba’s semi-arid climate, the system had been operational only 5 days a week.13 
According to Gonzalo Maldonado, one of the founders of La Coordinadora, damaged pipes 
throughout the system were leaking as much as 50% 
between source and target, further stressing water 
availability.  For 2 days a week, there was no water 
running through the pipes.  Residents like Amparo 
Valda, living in the center of Cochabamba had to 
store water in containers, preparing for those 2 days 
without service. It was either that or pay US$2.50 for 
each liter of bottled water. Valda questioned the 
quality of the bottled water as well even though the bottled water comes from the same pipe 
system she draws from for drinking and cleaning when the system is running (Chávez). 
 The pipes were old, rusting, and leaking. The water issuing from them was poor quality 
but the only water source available to this city approaching a population of one million.  
Maldonado recommended a US$120 million investment in infrastructure repair (Chávez). The 
Inter-American Development Bank (IDB), granted a loan of less than a tenth that amount 
(US$11.5 million) to expand water services to the city’s poorest districts (Chávez).  The city was 
again in debt and the water problems only minimally resolved. 
 
                                                 
13
 To address the problem of low water pressure, many multi-story buildings had rooftop water tanks.  On the days 
when there was no water distribution, the water pipes circulated high-pressure air powerful enough to cause water-
needle dials to break (Chávez). 
Figure 9 SEMAPA facilities in Cochabamba, 
Bolivia (SEMAPA). 
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 By 2008, there was little visible evidence of that seminal Spring of the year 2000. It was 
still possible to find walls with faded graffiti inscribed by protestors proclaiming: ¡El Agua es 
Nuestra, Carajo! (The Water is Ours, Damn It!) (Friedman-Rudovsky). 
 The people of Cochabamba were still having difficulty navigating the physical, financial, 
and political realities of having achieved what they had protested for, fought for, and some had 
died for.  The Misicuni dam had not yet been built.14 As the population of Cochabamba had been 
growing, its accessible water resources had not been expanding.  Just the opposite had been 
occurring:  Many of the area’s wetlands and lagoons15 had been reclaimed to provide solid land 
for the burgeoning population.  Internal corruption, including embezzlement, kickbacks, and 
nepotism, continued to plague SEMAPA’s ability to adequately provide fresh water and 
sewerage to Cochabamba’s residents (Friedman-Rudovsky).   
 Control of the city water works had been returned to SEMAPA, which now had citizen 
representation on its water board.  Distribution of water resources continued to be sparse and 
sketchy.  In the 1980s SEMAPA had provided service to only 70% of those in the city and to 
surrounding rural households.  By the time of the Cochabamba “water wars,” less than half that 
number was receiving adequate service, and that half was primarily in the more affluent 
neighborhoods, located in the northern part of the city.  The southern section, “Zona Sur,” home 
to nearly 250 000 less fortunate, more impoverished residents, still had difficulties accessing 
fresh potable water on a daily basis, with only a third of its six districts directly piped into 
SEMAPA’s system (Friedman-Rudovsky).    
                                                 
14
 The dam was to have been constructed under terms of the Aguas del Tunari/Bechtel contract to provide 
hydroelectric power to the area, as well as to act as a catchment basin for water from the Misicuni River to provide 
water for the region in times of drought. (Friedman-Rudovsky).    
15
 “Cochabamba’ is derived from the Quechua phrase ‘qhochapampa’  meaning swampy land (Friedman-
Rudovsky). 
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 Despite all the difficulties yet to be resolved, Friedman-Rudovsky did find areas within 
the city where conditions had improved.  After Bechtel was ousted, locals had regained 
operational control of the wells they had dug. The residents of Sebastián Pagador, within the 
Zona Sur district, had formed their own water collective APAAS (The Association of Production 
and Administration of Water and Sanitation). Their 
purpose was to use native ingenuity to develop their 
own communal water network, outside the purview of 
SEMAPA. They accessed a well 3 ½ miles away, with 
the top of the well 700 feet higher than their 
neighborhood.  Using an automobile engine as the 
pump/draw mechanism, strategic piping and gravity 
was able to bring water to their residents.  While no water flowed from 1:00-8:00 AM, residents 
considered this water source a luxury for which they would pay APAAS $3/month, considerably 
less than rates charged under Bechtel.  Indeed, it is less than the rate SEMAPA charges to those 
in their rate-class that do have water access through the SEMAPA system.  APAAS is only one 
of 32 Zona Sur water cooperatives, collectively named ASICA Sur 16.  Eduardo Yssa, Zona Sur 
resident and founder of ASICA Sur, states: “We in ASICA Sur believe that water is life . . .  It 
has to be for everyone and it can’t be used for profit or personal gain.  This is our vision” 
(Friedman-Rudovsky).   
 Despite Yssa’s “vision,” these cooperatives did not have operating budgets that allowed 
for expansion of services to meet the ever-growing demand for fresh water, nor were they able to 
develop water treatment systems for sanitation.  Additionally, they realized, eventually, the wells 
                                                 
16
 Friedman-Rudovsky did not provide the meaning of the acronym ASICA stands for and I have not, as yet, 
discovered it. 
Figure 10 A 1993 10-horsepower Toyota engine 
pumps water to 600 households (Friedman-
Rudovsky). 
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would run dry, probably by 2018 at the current rate of draw, and they did not have a large-scale 
water source to fall back on (Friedman-Rudovsky).   
 Cochabamba’s water wars of Spring 2000 had brought global attention and recognition to 
the problems of providing water and sanitation to impoverished urban areas. Often, infrastructure 
expansion does not keep pace with population expansion.  While Cochabamba residents had 
gained self control of their water works, by 2008, they had not yet achieved the waters system 
quality they desired and fought for. 
 During January, 2009, Bolivian President Evo Morales was able to broker a nearly US$80 
million loan from a European consortium of six companies, led by Grandi Lavori Fincosit, an 
Italian construction firm, thereby providing the financial foundations for the long awaited 
Misicuni dam project to begin (Consortium).  Once again Cochabamba’s water destiny was in 
international hands and Bolivia had acquired more debt to provide resources for its citizens and 
residents.  Construction on the dam started in April 2010, almost 10 years to the date after the 
water riots of Spring 2000.  Water impounded from the Misicuni River would displace more than 
1350 people representing 319 families, flooding 5 square kilometers of the Beni Basin above 
Cochabamba.  It would affect 9 indigenous communities, including the San Isidro, the 
Patapampa, and the Kochamayu (Misicuni).  No doubt, most of those uprooted families would 
join the population of Cochabamba, adding to social pressures, including a greater need for the 
water and power the dam was meant to provide. 
 Many areas of Bolivia, including Cochabamba at 8000’ elevation, rely on glacial melt for 
seasonal fresh water supply. By some estimates, Bolivian glaciers will disappear sometime 
between 2050 and 3000 (Friedman-Rudovsky).  When glacial ice melt ends due to global 
warming because there are fewer and less massive glaciers, seasonal precipitation in this semi-
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arid environment will not be adequate to maintain sufficient water levels in the reservoir.  The 
fix is in, so to speak, but it is uncertain how effective the fix will be or how long it will last. 
Human Use of Water 
 Agricultural irrigation accounts for 60 to 70% of fresh water usage. Without irrigation in 
regions of low precipitation, large-scale farming 
to feed the world’s growing populations would 
not be possible.  In our homes, we use less than 
10% of the world’s freshwater.  We use water for 
drinking, cooking, bathing, sanitation, and 
flushing.  Industrial applications use the rest 
(Rothfeder 8).  The “used” eventually returns to the environment through the global hydrologic 
cycle. Through this process, water becomes a 
renewable resource.  It goes back into a streams 
and rivers coursing to the oceans.  It replenishes 
ground water reservoirs.  It is taken up by trees 
that have tremendous capacity for water 
storage. Evaporation from surface water and 
evapotranspiration from plants return water to 
the air where it is condensed into cloud formations and further condensed to fall again as 
precipitation.  Earth is a closed system, hydrologically:  The total amount of water within the 
Earth system remains the same.  The form water can take changes from solid (ice, snow) to 
liquid (streams, lakes, oceans, rain) or gas (water vapor, mist, clouds). However, because of the 
Figure 11 The Hydrologic Cycle (Palaniappan).   
 
Figure 12 Water Scarcity Index, 2009 (Rekacewicz). 
Pogorzelski 27 
 
movable and transmutable qualities of water, it is not equally available in all regions and through 
all times in the same regions (Rekacewicz). 
 Problems of scarcity arise when more water is used than can be replenished by natural 
systems and when fresh water resources are returned to the hydro-cycle grossly polluted.  These 
areas (Figure 12) are often where agriculture is greatly dependent on irrigation. 
Solutions to Freshwater Scarcity 
 There have been many suggested solutions for fresh water scarcity.  Economist Barbara 
Ward has indicated that making remedies acceptable in social, political and economic realms is 
just as important as identifying the environmental problems, if not more so (William 
Cunningham and Mary Ann Cunningham 3). Among possible solutions to fresh water scarcity 
are:  to use less water, to recycle and sanitize the abundant amount of used water that is unfit for 
human use and consumption, to privatize water delivery systems (one attempt at privatization is 
illustrated in the Cochabamba Case Study), to desalinize ocean water, and finally, to husband the 
most vital source of fresh water: forests and watersheds.   
Conclusion 
 We have explored how much of our planetary water is available for human use and how 
vital elemental water is necessary for our continued survival.  We’ve looked at how politics and 
conflicts can affect water and sanitation availability at reasonable cost.  Solutions to availability 
and preservation of fresh water scarcity are suggested. 
 Each approach to remedy fresh water scarcity has its own strengths, weaknesses, and 
viabilities as potential solutions to the problem of securing fresh potable water to support our 7 
billion human population .  
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 In regions that have not yet implemented solutions viable for their area, there must be 
strong emphasis on following through with some, if not all, of the potential solutions to fresh 
water scarcity, as soon as possible.  With the Cochabamba case study, we see that attempts at 
privatization of public water works do not always work out to best advantage for all stake 
holders.   
 It is important to encourage dialog and innovations to conceive of new original concepts, 
not yet thought of, for potential solutions to fresh water scarcity as soon as possible. Without 
serious consideration to these concepts, there will be grave consequences for humanity. The 
planet will survive, but will our species? 
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